Abstract: A calculation of the melting temperatures of heavy quarkonium states with the holographic potential was introduced in the work of [1] . In this paper, we consider the holographic potential including its sub-leading order, we find this correction lowers the dissociation temperatures of heavy quarkonium.
Introduction
Heavy quarkonium dissociation is an important signal of the formation of Quark-Gluon Plasma(QGP)in heavy ion collisions at RHIC and LHC. However, much experiment data indicates that the QGP is strongly coupled. Thus, the study of heavy quarkonium and its dissociation requires non-peturbative techniques, such as Lattice QCD and potential models [2] . The lattice simulation of the quark-antiquark potential and the spectral density of hadronic correlators yield consistent picture of quarkonium dissociation as well as the numerical value T d . On the other hand, the heavy quarkonium dissociation can be studied within the potential models, for instance the energy levels and the dissociation temperature can be carried out with the aid of a non-relativistic Schrodinger equation with a temperature dependent effective potential when we neglect the velocity(v ≪ 1) of the constituent quarks [3] [4] [5] , and if we consider the relativistical correction, the two-body Dirac equation can be employed [6] . The holographic potential addressed in this paper is one example of potential models.
Holographic potential at finite temperature at strong coupling relies on the AdS/CFT duality which can explore the strongly coupled N = 4 supersymmetric YangMills(SYM) plasma through the correspondence between the type IIB superstring theory formulated on AdS 5 ×S 5 and N = 4 SYM in four dimensions [7] [8] [9] [10] [11] .
In a previous work [1] , the melting temperatures of heavy quarkonium states is studied with the holographic potential. In this paper we consider the holographic potential including its sub-leading order and obtain the correction to the melting temperatures.
The paper is organized as follows. In the next section, the work in Ref [1] will be reviewed and the melting temperatures under the holographic potential is presented. We will add the sub-leading order to the holographic potential and calculate the corrections to the dissociation temperatures in section 3. The section 4 concludes the paper.
The holographic potential model
The heavy quarkonium, J/ψ or Υ can be modelled as a non-relativistic bound state of a heavy quark and its antiparticle, the wave function of their relative motion satisfies the Schrodinger equation
where E(T ) is the binding energy of the bound state and U (r, T ) is related to the free energy F (r, T ) by
and F (r, T ) can be extracted from the Wilson loop operator between a static pair of qq
where L ± denotes the Wilson line running in the Euclidean time direction at spatial coordinates (0, 0, ± 1 2 r) and is closed by the periodicity β
1) E-mail: ziqiang85@139.com 2) E-mail: yan.wu@cug.edu.cn 3) E-mail: hdf@iopp.ccnu.edu.cn with A µ the gauge potential and the symbol P enforcing the path ordering along the loop C. The thermal expectation value < W (C) > can be measured for QCD on a lattice and the heavy quark potential is defined with F-ansatz or U-ansatz. According to the holographic principle which places the L ± on the boundary(z → ∞)of the SchwarzschildAdS 5 × S 5 , whose metric can be written as
where
3 with x 1 = x 2 = 0 and x 3 a function of z.
In the case of N = 4 SYM, the AdS/CFT duality relates the Wilson loop expectation value to the path integral of the string-sigma action developed in [12] of the worldsheet in the AdS 5 ×S 5 bulk. To the leading order of strong coupling, the path integral is given by its classical limit, which is the minimum area of the world sheet
where g 0 (rT ) is a monotonic decreasing function with g 0 (0) = 1, g 0 (r 0 T ) = 0 and r 0 is the screening length. As a matter of convenience, we introduce a dimensionless radial coordinate ρ = πT r, and we find
The analytical small ρ expansion of φ(ρ) and numerical results both suggest that φ(ρ) can be well approximated by a linear function
with ρ 0 = 0.7359. We define the dissociation temperature T d as the temperature when the bound energy E(T d ) becomes zero, and the corresponding Schrodinger equation reduces to
Here we consider the U-ansatz, we have
with η = αρ 0 m πT .
It follows from (9) and (11) that
Actually, one should consider the exact holographic potential. But it has been found in [6] that the comparison with the dissociation temperature obtained from (13) is very close to that one from the exact holographic potential. So we stay with the truncated Coulomb potential for the rest of the paper.
To proceed, substituting (13) into (10) one gets
with J n (x) the Bessel function. Then the threshold η d can be related to the matching condition at ρ = ρ 0
this yields the correspond secular equation for η d
Knowing the values of l, η d can be carried out from (16) .
Thus, Eq. (12) implies
The numerical results for T d of J/Ψ and Υ are presented in Table 1 , where we have chosen m = 1.65GeV, 4.85GeV for c and b quarks. Table 1 .
T d in MeV's for J/Ψ and Υ under the holographic potential. 3 Melting temperature with sub-leading order potential
Now we add the sub-leading order term to the holographic potential and explore its contribution.
As was shown in Ref [13] that the strong coupling expansion of F (r, T ) can be written as
where g 0 (rT ) has been discussed in the previous section and g 1 (rT ) is a monotonically decreasing function, which reaches 0.92 at r 0 where g 0 (r 0 T ) = 0.
Likewise, we write
where ρ 0 = 0.7359 and ρ 1 is determined by φ 1 (ρ 1 ) = 0. As the temperature correction to the sub-leading term of the heavy quark potential is numerically small, in another word g 1 (ρ) decreases monotonically from 1 to 0.92 as ρ ∈ (0, ρ 0 ), we can fit g 1 (ρ) = 1 − 0.11ρ.
Then we have
with
On writing
We have
Parallel to (13) ∼ (16), one can readily verify that η x = η, and this yields
where η d1 refers to the threshold value of η 1 and the counterpart η d has been discussed in Eq. (16 (26)
Here we show the curve about T Fig.1 . Note that owning to the λ correction to the holographic potential, T ′ d is smaller than T d . We find this correction gives rise to 47% reduction of T d when λ = 6π, but it vanishes for λ → ∞ as it must, since the sub-leading order to the potential vanishes in that limit. The physical meaning will be discussed in the next section. 
Conclusion
In this paper, we have reviewed the melting temperatures studied with the truncated holographic potential and obtained its correction from the contribution of the sub-leading term of such potential. The dissociation temperature is lowered, leaving the corrected values further below the lattice result. This disagreement can be attributed to some reasons: Firstly, the short screening length r 0 ≃ 0.25f m at T = 200M eV of the AdS/CF T potential and sharp cutoff nature of the screening. Secondly, one should take into account the different number of degrees of freedom in N c = 3 SYM and 3 flavor QCD, the similar problem has been figured out in the calculation of jet quenching parameter beyond AdS/CF T correspondence in [14] , where they have matched the corresponding entropy density to obtain T 3 ≃ 3T 3 SY M . Moreover, one should also bear in mind that the particle of N = 4 SYM is quite different to that of QCD. In particular it dose not include particles in the fundamental representation, but only in the adjoint representation.
To summarize, the melting temperature studied in this work relies on the holographic quark potential. How-
